INTRODUCTION
Separation of enzymes from reaction products is one of the important problems of engineering enzy mology. Thermoresponsive water soluble polymers may be used for this purpose [1] [2] [3] . An enzyme is immobilized on a thermoresponsive polymer and, after completion of the catalytic reaction, is removed from the system as a result of polymer precipitation during heating. A protein may be immobilized on a polymer via two methods: covalent (conjugation) and noncovalent (complexation).
Covalent conjugates of enzymes with thermore sponsive polymers have been studied comprehensively [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Poly(N isopropylacrylamide) and its copoly mers were mostly used as matrices [21] . Among the advantages of conjugated biocatalysts are their thermal stability [6, 7, 14] , sufficiently high activity [5] [6] [7] 17] , suppression of autolysis [14] , and the feasibility of repeated separation of the enzyme without any marked loss in its activity [5, 7, 16] . However, the covalent fixation of enzymes on thermoresponsive polymers necessitates complex chemical procedures; therefore, this method involves evident manufacturing and economical problems.
Practically no data is available on the simpler (non covalent) attachment of enzymes to thermoresponsive polymers and their activity in the bound state. Ther moresponsive homopolymers weakly interact with proteins. Therefore, there is a need to incorporate centers having a high affinity for proteins into the structure of these polymers. These centers may be neg atively or positively charged groups, specifically, car boxyl, sulfonate, or trimethylammonium. Despite a considerable bulk of studies dealing with the inter polyelectrolyte complexes of proteins [22] [23] [24] [25] [26] , the systematic data on conformational changes in ther moresponsive polymers and globular proteins result ing from complexation are very scanty. There are almost only single facts derived by indirect methods [27] [28] [29] [30] . An exception is a thermodynamic study devoted to the conformational aspects of complex ation of lysozyme with thermoresponsive copolymers [31] .
Thorough control over the conformational state of the bound enzyme and the thermoresponsive proper ties of the polymer matrix is of great importance for the effective solution to the problem of enzyme sepa ration from reaction products with the aid of thermo responsive polymers. The most complete control may be attained from the data of high sensitivity differen tial scanning calorimetry (HS DSC) [32] . This method makes it possible to obtain information about the conformational states of not only free and bound enzymes but also the polymer matrix in one experi ment. This study concerns the interpolyelectrolyte com plexes of an enzyme (soybean peroxidase)-and ther moresponsive N isopropylacrylamide-sodium styre nesulfonate copolymers of various compositions that were synthesized in aqueous solutions at temperatures above the LCST of poly(N isopropylacrylamide). When heated, these copolymers undergo a cooperative conformational transition without precipitation from solution [33] ; this fact provides evidence for their block structure.
Soybean peroxidase (SP) is an enzyme with an extremely wide spectrum of catalytic activities. It is a globular heme containing glycosylated protein with a molecular mass of ~37000 and an isoelectric point (pI) of 4.8. In addition, SP shows high thermal stabil ity. These features, along with a relative low cost, make soybean peroxidase extremely attractive for biotech nological studies [34] . The conformational state of the enzyme and the polymer matrix in complexes was investigated by HS DSC.
EXPERIMENTAL
Soybean peroxidase (Sigma) was used in this study. The enzyme was additionally purified via selective thermal denaturation [35] in water at pH 4.8, neutral ized at pH 7, and lyophilized.
The thermoresponsive copolymers of N isopropy lacrylamide (NIPA) and sodium styrenesulfonate (SSS) were prepared by potassium persulfate initiated free radical polymerization in deionized water at a temperature of 70°С. When the reaction was com plete, the aqueous solution was dialyzed for 4 days through a semipermeable membrane with a transmis sion cut off limit of 14 000 to remove the monomers and low molecular mass fractions of the copolymer. After dialysis, the copolymer was concentrated on a rotor evaporator and lyophilized at 40°С for 72 h. The content of SSS in the copolymers was estimated from the 1 H NMR spectra in D 2 O measured on a Bruker spectrometer (300 MHz); tetramethylsilane was used as internal standard. The molecular masses of the copolymers were determined by static light scattering in 1.0 M NaCl at 25°C. The contents of SSS in the copolymers were 1.6 and 16.8 mol %; their molecular masses were 986 000 and 245 000, respectively. In what follows, they are denoted as NIPA-SSS 1.6 and NIPA-SSS 16.8 copolymers.
Peroxidase solutions used in calorimetric measure ments were prepared through dialysis against a buffer solution at 4°С for a day. As buffer solutions, a 20 mM glycine buffer (pH 2.0-3.5 and pH 8.0), a 20 mM ace tate buffer (pH 4.0-5.0), and a 10 mM phosphate buffer (pH 6.0-7.0) were used.
Mixtures of copolymers and the enzyme were pre pared from their stock solutions in a 10 mM glycine buffer with the desired pH. The concentration of the copolymer in the stock solution was determined from a weighed portion. The stock solution of protein was added to the stock solution of the copolymer under continuous stirring. The resulting mixtures were allowed to stay at 4°С for 20 h before measurements. The compositions of the mixtures were varied through a change in the weight ratio q = enzyme : copolymer.
Calorimetric measurements were conducted on DASM 4 and DASM 4A differential adiabatic scan ning microcalorimeters (NPO Biopribor, Pushchino) in the temperature range 10-110°С at an excess pres sure of 0.25 MPa and a heating rate of 1 K/min. The thermograms were treated with the aid of the program NAIRTA 2.0 (Nesmeyanov Institute of Organoele ment Compounds, Russian Academy of Sciences). The experimental thermograms were transformed into excess heat capacity functions of the conformational transition with the use of the baseline of the transition estimated by the spline interpolation method. Tem peratures corresponding to the maxima of excess heat capacity functions were taken as the tempera tures of the conformational transition of the copoly mer and protein, T t and T d , respectively. The enthalp ies of conformational transitions of the copolymer and protein, Δ t h and Δ d h, respectively, were calculated through integration of the excess heat capacity func tion. The width of the conformational transition of the copolymer Δ t T was estimated as the ratio between the enthalpy of transition and the maximum ordinate of the excess heat capacity curve. The temperature, enthalpy, and increment of the excess heat capacity of transitions were determined with precisions of ±0.3°С, ±5%, and ±20%, respectively. Velocity sedimentation studies were performed at a temperature of 20°С on a 3170B analytical centrifuge (MOM, Hungary) equipped with a system for digital treatment of experimental data; the rotor rotation speed was 40000 rpm. The total concentration of the polymers in the sample was 7.5 mg/mL. The position of the sedimentation boundary was determined from the second moment of a sedimentogram [36] . Sedi mentation coefficients were calculated with the aid of the ROTOR 2 software (Emanuel Institute of Bio chemical Physics, Russian Academy of Sciences, Moscow). Thermograms of light scattering from solu tions of copolymers and their mixtures with peroxi dase were measured on an AN 1 automatic nephelometer (OOO SKAL, Pushchino). Measure ments were performed at an angle of 90° and at a wave length of 546 nm during heating at a constant rate of
